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Abstract
Background. The slump test is a type of neurodynamic test that is believed to evaluate the mechanosensitivity of the
neuromeningeal structures within the vertebral canal. The objective of this review was to investigate the effective-
ness of slump stretching on back pain and disability in patients with low back pain (LBP). Methods. We searched
eight electronic databases (PubMed/Medline, Scopus, Ovid, CINAHL, Embase, PEDro, Google Scholar, CENTRAL).
The publication language was restricted to English, and we searched the full time period available for each database,
up to October 2017. Our primary outcomes were pain and disability, and the secondary outcome was range of mo-
tion (ROM). Results. We identified 12 eligible studies with 515 LBP patients. All included studies reported short-term
follow-up. A large effect size (standardized mean difference [SMD]¼ –2.15, 95% confidence interval [CI]¼ –3.35 to –
0.95) and significant effect were determined, favoring the use of slump stretching to decrease pain in patients with
LBP. In addition, large effect sizes and significant results were also found for the effect of slump stretching on disabil-
ity improvement (SMD¼ –8.03, 95% CI¼ –11.59 to –4.47) in the LBP population. A qualitative synthesis of results
showed that slump stretching can significantly increase straight leg raise and active knee extension ROM.
Conclusions. There is very low to moderate quality of evidence that slump stretching may have positive effects on
pain in people with LBP. However, the quality of evidence for the benefits of slump stretching on disability was very
low. Finally, it appears that patients with nonradicular LBP may benefit most from slump stretching compared with
other types of LBP.
Key Words: Low Back Pain; Neurodynamic Technique; Slump Stretching; Review; Meta-analysis
Introduction
Neurodynamic tests are frequently used in the clinical ex-
amination of patients with musculoskeletal pain disor-
ders. The goal of these tests is to assess the
mechanosensitivity of neural structures [1–3]. The slump
test is a neurodynamic test that is believed to evaluate the
mechanosensitivity of the neuromeningeal structures
within the vertebral canal [3]. To perform the slump test,
the patient is placed in an erect sitting position with the
knees flexed to 90 and the legs hanging off of the side of
the examination table [4,5]. The patient is asked to sit in
a slouched position (thoracic and lumbar flexion with a
posterior pelvic tilt) and is then requested to actively flex
the cervical spine as far as comfortably possible [4]. The
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clinician/physical therapist then applies gentle overpres-
sure to the upper thoracic and lower cervical spine and
maintains this position throughout the examination [4].
The patient’s ankle is then passively dorsiflexed to a neu-
tral position while the knee is slowly passively extended
until full extension is achieved [4,5]. Majlesi et al. [6]
measured the sensitivity and specificity of this test and
compared it with the straight leg raise (SLR) test. The
results of the present study showed that the slump test
was more sensitive (0.84) than the SLR test (0.52) in
patients with lumbar disc herniation. The SLR was found
to be more specific (0.89) than the slump test (0.83).
Previous research has demonstrated that the slump test
has diagnostic utility in differentiating between neural
and non-neural structures, as pain of non-neural origin
was not exacerbated by slump stretching [7].
During the last decade, several studies have used neu-
rodynamic tests as treatment that can potentially resolve
abnormal physiology within the nervous system [8].
There is no clear consensus on which group of low back
pain (LBP) patients might benefit most from this neuro-
dynamic treatment [8]. Maitland et al. [9] and Cleland
et al. [10] demonstrated that patients with LBP and lower
extremity pain who did not respond to directionally spe-
cific trunk exercises and those who did not present with
radiculopathy did respond to slump stretching as an in-
tervention. Furthermore, it has been suggested that
patients with neuropathic pain or nerve root compromise
would not benefit from neurodynamic treatment [11,12].
How the Intervention Might Work
There is no strong evidence to explain about mechanical
and neurophysiologic mechanisms of slump stretching.
Cowell and Phillips [13] suggested that slump stretching
may disperse intraneural edema, restore pressure gra-
dients, relieve hypoxia, and improve associated symp-
toms in neurogenic pain syndromes. The adhesion of
neural tissues (e.g., dura, dural sleeve, and nerve root) to
surrounding structures can prevent them from gliding
freely and may result in a local increase in tension, pro-
ducing irritation symptoms such as pain, burning, numb-
ness, and tingling [5,14]. It has been reported that slump
stretching can effectively reduce adhesion between the
neural tissues and the surrounding connective tissues
[15]. Moreover, slump stretching may reduce antidromic
impulses generated in C-fibers at the dysfunctional site
that result in the release of neuropeptides and subsequent
inflammation in the tissues supplied by the nerve [10,16].
Literature Review
A recent systematic review and meta-analysis has looked
at the effects of neural mobilization in healthy and LBP
populations [17]. The authors concluded that there are
positive effects from the application of neural mobiliza-
tion to the lower body quadrant. Specifically, neural mo-
bilization indicates moderate effects on flexibility in
healthy people and large effects on pain and disability in
patients with LBP [17]. The present study evaluated all
neurodynamic treatments and did not focus on the slump
stretching technique [17]. Because some relevant studies
have not been included in Neto et al. [17] and other
reviews [18–20], the objective of this investigation was to
systematically review the literature to determine the ef-
fectiveness of slump stretching on back pain and disabil-
ity in patients with LBP.
Methods
The study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [21]. The protocol
of this systematic review was registered on the
International Prospective Register of Systematic Reviews
(PROSPERO; CRD42017081874, http://www.crd.york.
ac.uk/PROSPERO/).
Search Strategy and Study Selection
A comprehensive electronic database search was con-
ducted by one author (MRP) from inception to October
31, 2017, on the following databases: PubMed/Medline
(NLM), Scopus, Ovid, CINAHL, PEDro, Google
Scholar, and Cochrane Central Register of Controlled
Clinical Trials (CENTRAL). The search terms used in
PubMed are presented in Table 1. The search strategy for
this review was a combination of medical subject head-
ings (MeSH) terms and free text words. To optimize the
strategy for each of the other databases, appropriate
changes were made in the basic search strategy. Citation
tracking and reference list scanning of included articles,
six relevant reviews [17–20,22,23], and manual ahead-
of-press searches were performed to identify other eligi-
ble studies. Moreover, hand searching of relevant
journals was also conducted; these included the Journal
of Manual Therapy (now known as the Journal of
Musculoskeletal Science and Practice), Journal of
Physiotherapy, and the Indian Journal of Physiotherapy
and Occupational Therapy.
Eligibility Criteria
At the completion of the search, all references were
imported into EndNote X8 software (Thomson Reuters,
NY, USA), and duplicates were removed. Two reviewers
(MRP and RB) screened titles and abstracts of all primary
articles that met the search strategy in order to determine
studies eligible for inclusion. If insufficient information
was available in the title and abstract of an article, a full-
text evaluation was undertaken. Then, the same two
reviewers independently assessed the full text of poten-
tially relevant nonduplicated articles. Disagreements
were resolved through discussion between the reviewers.
Studies were screened for selection according to the re-
view objectives and Population, Intervention,
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Comparison, Outcomes, and Study design (PICOS) crite-
ria (Table 2).
Quality Assessment
Methodological quality was implemented by two
reviewers (M.R.P. and R.B.) independently, considering
the items according to the PEDro scale [26]. Items 2–9 re-
late to the internal validity of an article, and items 10 and
11 provide sufficient statistical information to enable ap-
propriate interpretation of the results. Item 1 refers to the
external validity of the trial and thus is not included in the
total PEDro score (Table 3) [27]. Furthermore, primary
studies that attained scores of 6 on the PEDro scale were
considered high quality. Studies with a PEDro score of 4
or 5 were considered fair quality, and those with scores of
3 were considered low quality [27]. Cohen’s kappa coef-
ficient (j) was used to measure the level of inter-rater
agreement using a method developed for comparison of
the level of agreement with categorical data, along with
95% confidence intervals (CIs; j 0–0.20¼ poor, 0.21–
0.40¼ fair, 0.41–0.60¼moderate, 0.61–0.80¼ good, and
0.81–1¼ very good) [28]. Consensus was sought in case of
disagreement. The Centre for Evidence-based Medicine
Levels of Evidence (March 2009; https://www.cebm.net/
2009/06/oxford-centre-evidence-based-medicine-levels-evi-
dence-march-2009/) was used to assess research design
quality. The study designs were categorized by the re-
search question that they answered and were given a level
ranging from 1a (systematic review with meta-analysis) to
5 (expert opinion).
Data Extraction
Data extraction from the studies included was performed
independently by two nonblinded reviewers (MRP and
RB) using a standardized data extraction form. Details of
the extracted data are presented in Table 4. Following
the completion of this process, one author (MRP)
double-checked the extracted data to avoid any omis-
sions or inaccuracies.
Measures of Treatment Effect
The pooled effects of continuous variables were
expressed as the standardized mean difference (SMD) if
the same outcomes were used in the included studies. If
continuous outcome measures differed between studies,
the pooled effects were also expressed with SMDs, but
the outcome measures were first converted to a 0–100
scale [29]. All outcome variables were continuous. The
effect sizes were calculated using the sample size, mean,
and standard deviation, both at baseline and post-
treatment for all groups (treatment and comparison). For
the measurement of effect sizes, we defined three levels:
small (SMD< 0.40), medium (0.40 SMD 0.70), and
large (SMD> 0.70) [30]. A clinically important effect
was considered when the magnitude of the effect size was
at least medium [31].
Assessment of Heterogeneity
Heterogeneity among primary studies was evaluated using
the I2 statistic and the Q test (v2), as recommended by the
Cochrane Handbook for Systematic Reviews of
Interventions [32]. We interpreted the I2 statistic using the
following guide: 0–40%¼ no important heterogeneity,
30–60%¼moderate heterogeneity, 50–90%¼ substantial
heterogeneity, 75–100%¼ considerable heterogeneity
[29]. We considered heterogeneity before conducting
pooled analysis. When I2 values were higher than 50%
and there was overlap between the CIs in visual inspection
of the forest plot, we combined the results into a meta-
analysis using a random-effects model [27].
Table 2. PICOS criteria for the study
Criteria Inclusion
Population The population was composed of adult patients (18
years) of both genders with LBP. LBP was defined as
pain on the posterior aspect of the trunk from the
lower margin of the 12th ribs to the lower gluteal
folds, with or without pain referred into one or both
lower limbs that lasts for at least one day [24,25].
Intervention Slump stretching is a neurodynamic treatment. During
this stretching, the patient sits comfortably in a
slouched position (thoracic and lumbar flexion with
a posterior pelvic tilt) [4]. Afterward, s/he actively
flexes the cervical spine as far as comfortably possible
[4]. Overpressure is then applied to the upper tho-
racic and lower cervical spine, and this position is
maintained throughout the treatment procedure [4].
Furthermore, knee extension and ankle neutral posi-
tion (0 dorsiflexion) should be maintained during
slump stretching [3].
Comparator Other physical therapy interventions and sham or con-
trol group.
Outcomes The primary outcomes of this systematic review were
low back pain and disability. The secondary outcome
was range of motion.
Study design Clinical trials with concurrent comparison group(s)
published in peer-reviewed journals with full text
available in English; results obtained from theses/dis-
sertations, conference proceedings, abstracts, and
websites were excluded. In addition, studies assessing
review articles, case series studies, and case reports
were excluded [25].
Table 1. Search strategy conducted in PubMed
# Search Record(s)
1 (neural) AND mobilization 108,333
2 (neural) AND stretching 388
3 (neural) AND tension 1,326
4 (neural or nerve) AND (excursion or gliding) 547
5 (#1–#4) AND low back pain [MeSH Terms] 14
6 (#1–#4) AND sciatica [MeSH Terms] 1
7 (neurodynamics) AND low back pain [MeSH Terms] 1
8 (neurodynamics) AND sciatica [MeSH Terms] 1
9 (slump) AND low back pain [MeSH Terms] 27
10 (slump) AND sciatica [MeSH Terms] 3
# of records after duplicates were removed: 44
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Assessment of Publication Bias
Assessment of reporting bias was performed using the
Egger’s weighted regression test [27] and Egger’s publica-
tion bias graph. In addition, the Duval and Tweedie
“trim and fill” method was conducted to explore the po-
tential influence of a publication bias [33].
Sensitivity Analysis
Sensitivity analysis based on the jackknife (leave-one-
out) method was conducted to assess the influence of
each individual study on the overall results [34]. In addi-
tion, sensitivity analyses were performed by using only
high-quality studies in the meta-analyses to see if this al-
tered the results.
Data Synthesis
Considering that all studies shared basic methodological
aspects (e.g., all were clinical trials with comparison
groups) and that clinical studies used participants with
similar characteristics (people with LBP), we considered
them appropriate for meta-analysis [17]. Stata software
(version 14; Stata Corp., College Station, TX, USA) was
used to perform the meta-analysis for the primary out-
comes. If the data required were not available in a study,
it was excluded from the meta-analysis. When the out-
come data were presented as figures or plots,
WebPlotDigitizer (https://apps.automeris.io/wpd/) was
used to digitize the figures in order to extract the relevant
data. If a study had more than one reassessment during
the study period, the most recent reassessment data were
used in the meta-analysis. All studies only included short-
term follow-up (less than three months after randomiza-
tion) [31]; thus, this review evaluated the short-term ef-
fectiveness of slump stretching on LBP.
The overall quality of the evidence and strength of the
recommendations were evaluated using GRADE [35],
which was applied for the primary outcomes included in
the meta-analysis. The downgrading process was based
on the five domains of study limitations, inconsistency,
indirectness of evidence, imprecision, and publication
bias. The quality of evidence was classified as the follow-
ing: (1) high quality—further research is unlikely to
change our confidence in the estimate of effect; the
PEDro scale identified no risks of bias, and all domains
in the GRADE classification were fulfilled; (2) moderate
quality—further research is likely to have an important
impact on our confidence in the estimate of effect, and
one of the domains in the GRADE classification was not
fulfilled; (3) low quality—further research is likely to
have an important impact on our confidence and is likely
to change the estimate; two of the domains were not ful-
filled in the GRADE classification; and (4) very low
quality—we are uncertain about the estimate; three of




The PRIMSA flow chart (Figure 1) displays the study se-
lection process that was adopted. A total of 524 studies
were retrieved from different databases. Nineteen full-
text articles were screened for eligibility. One study in-
cluded asymptomatic participants [36], five studies were
review articles [17,19,20,22,23], and one had a pretest–
post-test design [37]. Thus, 12 studies met the inclusion
criteria and were included in this review. Three studies
(25%) compared slump stretching with any other physi-
cal therapy intervention (i.e., cognitive exercise [38],
short-wave diathermy [39], stabilization exercise [39],
postero-anterior mobilization [39], Mulligan’s technique
[40]). Nine studies (75%) examined the additional
benefit of slump stretching combined with another inter-
vention (i.e., advice [41], stretching [42], exercise
[8,10,42–47], short-wave diathermy [43], hot pack [47],
mobilization [8,10,44,45]). Of the 12 studies included in
this systematic review, two (17%) examined three-arm
comparisons [39,46].
Overview of Participant Characteristics
The descriptions of the studies are summarized in Table 4.
A total of 515 LBP patients were enrolled in these studies.
The majority of the trials (seven studies; 58%) enrolled
nonradicular LBP patients [8,10,38,42,44,45,47]. Three
Table 3. The PEDro 11-item scale (from PEDro database, www.
pedro.org.au)
1. Eligibility criteria were specified. no h yes h where: ___
2. Subjects were randomly allocated to
groups (in a crossover study, subjects were
randomly allocated an order in which
treatments were received).
no h yes h where: ___
3. Allocation was concealed. no h yes h where: ___
4. The groups were similar at baseline re-
garding the most important prognostic
indicators.
no h yes h where: ___
5. There was blinding of all subjects. no h yes h where: ___
6. There was blinding of all therapists who
administered the therapy.
no h yes h where: ___
7. There was blinding of all assessors who
measured at least one key outcome.
no h yes h where: ___
8. Measures of at least one key outcome were
obtained from >85% of the subjects ini-
tially allocated to groups.
no h yes h where: ___
9. All subjects for whom outcome measures
were available received the treatment or
control condition as allocated or, where
this was not the case, data for at least one
key outcome were analyzed by intention
to treat.
no h yes h where: ___
10. The results of between-group statistical
comparisons are reported for at least one
key outcome.
no h yes h where: ___
11. The study provides both point measures
and measures of variability for at least one
key outcome.
no h yes h where: ___
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studies (25%) recruited chronic LBP patients [39,41,43],
and one study (8%) included LBP patients with unilateral
limitation of SLR of more than 15 [40]. Malik et al. [46]
did not provide detailed information about LBP subclas-
sification. The age of the study populations at baseline
ranged from 18 to 70 years. Seven studies (58%) pro-
vided little or no information regarding the patient demo-
graphic characteristics [38–40,42,45–47]. Sample size
calculation was apparent in only two studies (17%)
[10,41].
Methodological Considerations and Outcome
Measures
Nine of the 12 included studies (75%) have been con-
ducted in India [8,38–40,42,44–47], and the remaining
clinical trials were from the United States (8%) [10],
Brazil (8%) [41], and Pakistan (8%) (Table 4) [43]. In
addition, 10 of the selected studies (83%) were random-
ized controlled trials [8,10,39,41–47], and the other two
(17%) were randomized clinical trials [38,40]. All eligi-
ble studies (100%) evaluated pain, whereas 10 (83%)
evaluated disability [8,10,38,39,41–45,47]. Four studies
(33%) assessed ROM following a period of slump
stretching treatment [39,40,46,47]. Three trials (25%)
assessed the range of SLR [39,40,46], and one trial (8%)
studied active knee extension ROM [47]. The studies
used a mean hold time of 30 seconds with three to five
repetitions to evaluate the effectiveness of slump
stretching. However, Ferreira et al. [41] prescribed 30
repetitions of slump stretching for their participants.
Self–slump stretching at home was encouraged in four
studies (33%) [8,41,44,45]. The total treatment duration
ranged from two weeks to four weeks in most studies
(58%) [8,10,38,40,41,44,46].
Quality Assessment and Level of Evidence
The results of the quality assessment and levels of evi-
dence are reported in Table 5 and Figure 2. The level of
inter-rater agreement of quality assessment was good
(j¼ 0.66 6 0.23). Of the 12 trials, three (25%) [8,10,41]
were of high quality according to the PEDro scale. One
study (8%) [46] was rated as fair quality, and eight
(67%) [38–40,42–45,47] were graded as low quality. All
studies (100%) had clearly defined eligibility criteria
[8,10,38–47]. The criteria that were most frequently not
met were allocation concealment, blinding of patients,
therapists, and assessors, intention-to-treat analysis, and
effect size report. The level of evidence for three studies
(25%) was 1b [8,10,41], whereas the remaining clinical
trials (nine studies; 75%) had a level of evidence of 2b
[38–40,42–47].
Effects of Interventions
Sufficient data were available in only seven studies
[8,10,38,41–43,47]; thus, the meta-analysis was con-
ducted on these trials.
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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Effects on Back Pain Intensity
All trials included in the meta-analysis (N¼ 7) reported
pain outcome at baseline and at short-term follow-up
[8,10,38,41–43,47]. Pooled SMD showed large signifi-
cant between-group differences on mean change scores
for back pain intensity post-treatment (SMD¼ –2.15,
95% CI¼ –3.35 to –0.95) (Figure 3). Ali et al. [43]
showed that the addition of slump stretching to con-
ventional physical therapy (Table 4) significantly im-
proved pain scores in chronic radicular LBP patients
(SMD¼ –0.93, 95% CI¼ –1.58 to –0.27). In a ran-
domized clinical trial conducted by Cleland et al. [10],
it was shown that slump stretching improved short-
term pain and centralization of symptoms in
individuals with nonradicular LBP (SMD¼ –3.09,
95% CI¼ –4.17 to –2.01).
Ferreira et al. [41] concluded that adding slump
stretching to advice to remain active improved LBP at
four weeks (SMD¼ –0.41, 95% CI¼ –0.92 to 0.10).
However, one high-quality study [8] examined slump
stretching coupled with lumbar spine mobilization and
stabilization exercises compared with lumbar spine mo-
bilization and stabilization exercises alone. The SMD for
Nagrale et al. [8] indicated that slump stretching pro-
duced a greater reduction in pain as compared with con-
trol treatment at six-week follow-up (SMD¼ –2.52, 95%
CI¼ –3.21 to –1.84). Other low-quality clinical trials
[38,42,47] have also shown the superior effects of slump





Score 1 2 3 4 5 6 7 8 9 10 11
1 Ali et al. [43] 2015 2b 2/10 J J L L L L L J L L L
2 Cleland et al. [10] 2006 1b 8/10* J J J J L L J J J J J
3 Ferreira et al. [41] 2016 1b 7/10* J J J J L L L J J J J
4 Jaidka and Singh [39] 2016 2b 2/10 J L L L L L L J L J L
5 Jain et al. [44] 2012 2b 3/10 J J L J L L L L L J L
6 Karthikeyan et al. [45] 2014 2b 1/10 J L L L L L L J L L L
7 Kirthika et al. [42] 2016 2b 3/10 J L L J L L L J L J L
8 Malik et al. [46] 2012 2b 4/10 J J L J L L L J L J L
9 Mansuri and Shah [47] 2015 2b 3/10 J L L J L L L J L J L
10 Nagrale et al. [8] 2012 1b 8/10* J J J J L L J J J J J
11 Patel [40] 2014 2b 3/10 J J L L L L L J L J L
12 Ravinder et al. [38] 2014 2b 3/10 J J L L L L L J L J L
*Indicates high-quality studies.
Figure 2. Risk of bias graph: review of authors’ judgments about each risk of bias item, presented as percentages across all in-
cluded studies.
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stretching combined with conventional treatment (exer-
cise [38,42,47] and hot pack [47]) on pain reduction
in patients with LBP (SMDs¼ –29.05 to –0.37, 95%
CI¼ –36.70 to 0.14).
The result of the meta-analysis indicated that the ef-
fect of slump stretching on pain reduction was clinically
important because the effect size was large
(SMD¼ –2.15). Statistical testing indicated that there
was considerable heterogeneity in pain among the eligible
studies (v2¼ 103.12, P¼ 0.00, I2¼ 94.2%).
Effects on Disability
All trials included in the meta-analysis (N¼ 7) measured
disability at baseline and at short-term follow-up
[8,10,38,41–43,47]. Pooled SMD showed large signifi-
cant between-group differences on mean change scores
for disability post-treatment (SMD¼ –8.03, 95%
CI¼ –11.59 to –4.47) (Figure 4). Ali et al. [43] compared
slump stretching combined with exercise and short-wave
diathermy with exercise and short-wave diathermy alone.
Their study indicated that adding slump stretching to
conventional treatment improved disability
(SMD¼ –12.95, 95% CI¼ –15.93 to –9.97) [43]. Cleland
et al. [10] found that six sessions of slump stretching com-
bined with lumbar spine mobilization and exercise was
beneficial for improving short-term disability (SMD¼ –
11.12, 95% CI¼ –14.13 to –8.12). The effectiveness of
slump stretching has been confirmed in other studies
(Figure 4 and Table 4) [38,41,42,47]. Furthermore, the
SMD calculated for Nagrale et al. [8] showed that slump
stretching combined with conventional treatment (i.e.,
lumbar mobilization and exercise) produced significantly
better results than conventional treatment at six-week
follow-up (SMD¼ –9.98, 95% CI¼ –11.87 to –8.10).
The result of the meta-analysis indicated that the
slump stretching level of decrease in disability in patients
with LBP was clinically important (SMD¼ –8.03).
Statistical testing for heterogeneity indicated that there
was considerable heterogeneity in disability among the
eligible studies (v2¼ 269.67, P¼ 0.00, I2¼ 97.8%).
Effects on ROM
Meta-analysis was not performed for the secondary out-
come (i.e., ROM) because there were no appropriate
data available in the eligible studies; therefore, qualita-
tive synthesis of the results was conducted. Jaidka and
Singh [39] evaluated the effect of slump stretching com-
bined with conventional treatment and lumbar mobiliza-
tion combined with conventional treatment on SLR
ROM. They concluded that both postero-anterior mobi-
lization and slump stretching techniques were equally ef-
fective in improving SLR ROM in patients with chronic
LBP (mean difference [MD]¼ 61.78 and 66.44, respec-
tively) [39]. Malik et al. [46] reported that slump stretch-
ing was more effective than SLR stretching in increasing
passive SLR ROM (Table 4). Moreover, a clinical trial
conducted by Patel [40] showed that there was no statis-
tically significant difference between Mulligan’s bent leg
raise technique and slump stretching in improving pas-
sive SLR ROM (MD¼ 17.40 and 15.28, respectively).
Mansuri and Shah [47] mentioned that adding slump
stretching to conventional physical therapy for patients
with nonradicular LBP increased active knee extension
ROM significantly compared with conventional physical
therapy alone (MD¼ –4.90 and –2.16, respectively).
Sensitivity Analysis
The inclusion of sensitivity analysis using only high-
quality studies (PEDro score 6) in the meta-analyses on
pain outcome did not change the results. Pooled SMD
demonstrated a large significant between-group differ-
ence on mean change scores for pain intensity post-treat-
ment (SMD¼ –1.97, 95% CI¼ –3.69 to –0.25) (Figure 5).
However, sensitivity analysis on disability outcome
changed the results. Pooled SMD demonstrated a large but
nonsignificant between-group difference on mean change
scores for disability post-treatment (SMD¼ –7.13, 95%
CI¼ –14.92 to 0.67) (Figure 6). Changes in the results
highlight the influence of low-quality studies (PEDro
score 3) on the pooled SMD.
Figure 3. Forest plot of comparison: slump stretching vs all other physical therapies, outcome “pain.”
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The impact of individual studies on the overall meta-
analysis estimates was assessed. The results of leave-one-
out sensitivity analysis revealed that the included studies
influenced the pooled SMDs of pain outcome from –2.65
(95% CI¼ –4.12 to –1.18) after excluding the study of
Ferreira et al. [41] to –1.53 (95% CI¼ –2.40 to –0.66)
after excluding the study of Kirthika et al. (Figure 7A)
[42]. For the outcome disability, sensitivity analysis
demonstrated that the eligible studies also had a signifi-
cant influence on the pooled SMDs, ranging from
Figure 4. Forest plot of comparison: slump stretching vs all other physical therapies, outcome “disability.”
Figure 5. Forest plot of sensitivity analysis for high-quality studies: slump stretching vs all other physical therapies, outcome
“pain.”
Figure 6. Forest plot of sensitivity analysis for high-quality studies: slump stretching vs all other physical therapies, outcome
“disability.”
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–9.25 (95% CI¼ –12.02 to –6.48) after excluding the
study of Ferreira et al. [41] to –7.23 (95% CI¼ –10.82 to –
3.64) after excluding the study of Ali et al. [43] (Figure 7B).
Assessment of Publication Bias
The presence of publication bias for pain outcome was
confirmed using Egger’s linear regression (inter-
cept¼ –8.68, standard error¼ 1.57, 95% CI¼ –12.73 to
–4.63, P¼ 0.003) and Egger’s graph (Figure 8A). Egger’s
linear regression (intercept¼ –10.01, standard
error¼ 1.25, 95% CI¼ –13.23 to –6.80, P¼ 0.000) and
Egger’s graph (Figure 8B) showed that there is significant
publication bias in the meta-analysis for disability out-
come. The application of the trim-and-fill method did not
identify a missing study and, thus, left the pooled estimates
unchanged. No funnel plot was performed as the number of
trials included for each comparison was limited (<10) [27].
Quality of Evidence
The quality of evidence for the outcome measures was
assessed using the GRADE approach (Table 6A). For the
outcome pain, there was very low-quality evidence
(downgraded due to study limitations, inconsistency,
imprecision, and publication bias, and upgraded due to
large effect size) that slump stretching could improve
pain in patients with LBP at short-term follow-up. For
the outcome disability, there was very low-quality evi-
dence (downgraded due to study limitations, inconsis-
tency, imprecision, and publication bias, and upgraded
due to large effect size) that slump stretching could im-
prove disability in patients with LBP at short-term fol-
low-up.
The quality of evidence was also examined when only
high-quality studies were included (Table 6B). The results
showed that there was a moderate grade of evidence that
slump stretching could reduce pain in LBP patients in the
short term. In addition, it has been shown that there was
a moderate grade of evidence (downgraded due to incon-
sistency and imprecision, and upgraded due to large ef-
fect size) that slump stretching could improve disability
in LBP patients at short-term follow-up.
Discussion
The present study systematically reviewed and performed
a meta-analysis regarding the effectiveness of slump
 
Inluence analysis of each study on the pooled estimate of “pain” outcome.   
Study omitted SMD Lower limit Upper limit 
Ali et al. (2015) -2.5422544 -4.0086842 -1.0758246 
Cleland et al. (2006) -1.957432 -3.2374096 -0.67745429 
Ferreira et al. (2016) -2.6517744 -4.1220779 -1.181471 
Kirthika et al. (2016) -1.5271977 -2.3978651 -0.65653032 
Mansuri and Shah (2015) -2.6501737 -4.1114149 -1.1889323 
Nagrale et al. (2012) -2.0945189 -3.4273736 -0.76166403 
Ravinder et al. (2014) -2.2015212 -3.5742092 -0.82883304 
Combined -2.1491368 -3.3504 -0.94787358 
 
Inluence analysis of each study on the pooled estimate of “disability” outcome.   
Study omitted SMD Lower limit Upper limit 
Ali et al. (2015) -7.2308688 -10.824086 -3.637651 
Cleland et al. (2006) -7.5306916 -11.240314 -3.8210697 
Ferreira et al. (2016) -9.2530937 -12.022949 -6.4832397 
Kirthika et al. (2016) -7.3866348 -11.063334 -3.7099345 
Mansuri and Shah (2015) -8.6636295 -13.506051 -3.821208 
Nagrale et al. (2012) -7.6768379 -11.324591 -4.0290847 
Ravinder et al. (2014) -8.4170103 -12.568681 -4.2653394 
Combined -8.0308504 -11.58818 -4.4735217 
A
B
Figure 7. Influence analyses of each individual study on the pooled estimates of the primary outcomes: (A) pain; (B) disability. The
left, middle, and right vertical lines are indicators for the minimum, mean, and maximum values of total effect size, respectively.
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stretching in people with LBP. There were two main find-
ings of this review. Evidence from the pooled effect sizes
suggests that slump stretching, either used alone or in
combination with other physical therapy interventions,
successfully decreased pain level and disability and in-
creased ROM in patients with LBP. In addition, there
was significant heterogeneity among the included studies
for the primary outcomes.
There is moderate evidence among high-quality stud-
ies that slump stretching improves pain in LBP patients.
The overall effect size was large, favoring the use of
slump stretching to decrease pain in people with LBP.
The effect size calculated for each individual trial also
supports the positive effects from the application of
slump stretching. The benefits from the use of slump
stretching were seen in combination with other physical
therapy interventions (e.g., exercise, mobilization) or us-
ing slump stretching alone and were always superior to
control interventions.
Our findings are in accordance with those of Neto
et al. [17], Basson et al. [18], Ellis and Hing [19], and Su
and Lim [20]. In a recent systematic review and meta-
analysis conducted by Neto et al. [17], the effects of
lower-body-quadrant neural mobilization were assessed
in LBP patients. The results of the present review showed
that neural mobilization has large effects on pain in
patients with LBP [17]. Basson et al. [18] reported the
benefits of neural mobilization for LBP. Ellis and Hing
[19] investigated the efficacy of neural mobilization and
reported that eight out of 11 clinical trials included
showed positive therapeutic effects on pain. Su and Lim
[20] demonstrated that neural mobilization provides su-
perior pain relief (SMD¼ –0.77, 95% CI¼ –1.11 to
–0.42, P< 0.0001) for individuals with nerve-related
chronic musculoskeletal disorders compared with mini-
mal intervention.
To date, the physiological mechanisms of neural mo-
bilization (slump stretching) on pain relief are poorly un-
derstood [17,20], and further studies are required to
understand the details of neural mobilization mecha-
nisms. Previous studies have reported immediate positive
effects of neural mobilization on pain due to the in-
creased pressure pain threshold [51] and C-fiber-medi-
ated hypoalgesia [52]. In addition, passive neural
mobilization can induce dispersion of intraneural fluid
and decrease the effects of compression from surrounding
fascial restrictions [53].
Neurodynamic mobilization techniques are often used
clinically to restore nerve mobility [54,55]. It has been
demonstrated that these techniques increase excursion by
flossing the nerve [56]. Furthermore, studies have found
that neural mobilization techniques reduce fibrosis and
adhesion between the neural tissues and surrounding tis-
sues, resulting in improved intrafascicular gliding [53].
Millesi et al. [57] explained transverse contraction of
nerve tissue upon the lengthening or stretching of the
nerve tissue. They reported that transverse contraction
from repetitive elongation/relaxation loading may change
intrafascicular pressure. Gilbert et al. [58] hypothesized
that this change in intrafascicular pressure leads to
pumping or flushing of the intraneural fluid with repeti-
tive elongation/relaxation phases. The pumping effect is
thought to displace the intraneural fluid, facilitate the
axoplasmatic flow, and minimize the deposition of sensi-
tizing chemicals, which may result in pain relief and im-
proved function [17,53,58].
Neural mobilization techniques can also improve the
viscoelastic properties of the nerve, promote motor rein-
nervation, increase the number of regenerated axons, and
decrease the expression of glial proteins linked to degen-
eration and pain [23,47,59]. The gate control theory of
pain proposes that nonaggressive movement may reduce
pain [23]. It is expected that neural mobilization techni-
ques can reduce the intensity of pain through nervi nervo-
rum—the innervation of the nerve [23]. From a
therapeutic perspective, based on the SMD of each study
included, it appears that patients with nonradicular LBP
may benefit more from slump stretching than from other
types of LBP.
Slump stretching includes lumbar flexion, which can
unload the facet joints and increase central canal and
neuroforaminal dimension. Therefore, the pain intensity
can be reduced, especially in patients with facet syn-
drome and lumbar spinal stenosis.
A
B
Figure 8. Egger’s graphs show that there is a significant publi-
cation bias in the meta-analysis for the primary outcomes:
(A) pain; (B) disability.







edicine/article/20/2/378/5260828 by Tehran U
niversity of M
edical Science user on 24 O
ctober 2020
Our findings reveal moderate evidence across these
high-quality studies that slump stretching improves dis-
ability in the short term in LBP patients. The superior ef-
fect of slump stretching compared with other physical
therapy interventions was not significant when only
high-quality studies were included. However, the over-
all effect size was large, favoring the use of slump
stretching to decrease disability in patients with LBP. It
should be noted that when other studies were also in-
cluded, slump stretching produced significantly better
results for disability outcome. This difference may be due
to the influence of low-quality studies on the pooled esti-
mates. All low-quality trials showed statistically significant
results in favor of the use of slump stretching for treating
LBP patients. Malik et al. [46] suggested that slump
stretching can affect posterior myofascial chain flexibility,
thus increasing the lumbar and tibio-tarsal joint angles
and finger-floor distance, which could be a possible mech-
anism in the greater improvement of range.
The second main finding is that considerable heteroge-
neity was observed across the studies for the primary out-
comes. Furthermore, when the low-quality studies were
removed, the considerable heterogeneity did not change.
Possible explanations for this considerable heterogeneity
may be differences in the studies regarding control interven-
tion, number of cases and controls, patient baseline charac-
teristics (LBP type), and duration and dosage of treatment.
To investigate the presence of publication bias in our
systematic review, two Egger’s graphs were generated. As
shown in Figure 8, significant publication bias was
observed because the 95% CIs of the intercept did not in-
clude the null point. Possible explanations for this could
be the quality of the studies included, nonpublished trials
with negative results, studies showing no difference in
results, those with small sample sizes, and the number of
studies in each separate meta-analysis.
There are some limitations to our study that should be
mentioned. The results of the studies included in this re-
view refer to short-term change after intervention.
Hence, it is not possible to draw conclusions about the
efficacy of slump stretching at medium- or long-term fol-
low-up. Moreover, a limited number of studies was avail-
able (seven in each separate meta-analysis) to investigate
the effectiveness of slump stretching on LBP. This limits
the conclusions that can be derived from the analysis.
The majority of studies selected did not perform power
analysis to determine the appropriate sample size.
Therefore, the external validity of the findings is limited.
The studies included also presented several methodologi-
cal limitations. The most frequent limitations were re-
lated to nonblinding characteristics of studies, random
allocation, and intention-to-treat analysis. Finally, data-
base searching was limited to English-language papers,
which may have introduced a publication bias and ex-
cluded other relevant papers.
Future clinical trials should consider the methodologi-
cal limitations found in the studies included in this review
in order to improve their quality. In addition, future stud-
ies that include the appropriate number of patients
should investigate long-term follow-up of LBP patients
Table 6. Grades of Recommendation, Assessment, Development and Evaluation quality of evidence for the primary outcomes
Outcome
Study









A) 7 studies were included












B) 3 high-quality studies were included












The symbols €€ indicate how many of the items were fulfilled (for each , one item was fulfilled and corresponds to the different levels of evidence).
CI¼ confidence interval; GRADE¼Grades of Recommendation, Assessment, Development and Evaluation; SMD¼ standardized mean difference.
*Downgraded one level as the majority of trials scored 6 on the PEDro scale [48].
†Downgraded one level as the I2 value was >50% [27].
‡Downgraded one level as the total number of participants was <400 [49].
§Downgraded one level due to suspected publication bias [50].
¶Upgraded one level due to large effect size [48].
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treated with slump stretching. Neto et al. [17] encour-
aged further research underlying the physiological effects
of neurodynamic mobilization techniques (e.g., slump
stretching) beyond the clinical effects. This would pro-
vide valuable information for the rehabilitation of neu-
ropathy and neuromuscular disorders [17].
Conclusions
Based on the studies included in this review, it can be con-
cluded that there was very low quality of evidence that
slump stretching has a positive effect on pain and disability
in patients with LBP. When only high-quality studies were
considered, the results for disability and the quality of evi-
dence for pain and disability changed. The results showed
that the effect of slump stretching on disability improve-
ment compared with other interventions was not signifi-
cant. Furthermore, a meta-analysis including only the high-
quality research indicated that slump stretching has a signif-
icant effect on pain alleviation. Although the effect sizes
(pooled SMDs) of the primary outcomes were large, the
quality of evidence for pain and disability was moderate.
In the present study, statistical heterogeneity analysis
demonstrated that there was considerable heterogeneity
among the included studies for the primary outcomes (Q-
statistic at P< 0.05 and I2> 75% for both primary out-
comes). Due to the lack of adequate data on ROM, meta-
analysis was not possible. However, a qualitative synthesis
of evidence suggests that slump stretching can effectively
improve SLR and active knee extension ROM in the LBP
population. Further high-quality research regarding the
long-term effects of slump stretching vs validated control
intervention in a clinical setting is recommended.
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